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TOUCH SCREENS 

This invention relates to touch screens, and has particular application in touch 
screens arranged for use in the control of vehicle sub-systems. 

It is known to provide touch screens in vehicles to allow the driver or passenger to 
control various sub-systems of the vehicle. It is also known to provide proximity 
5 sensing systems in which a signal is transmitted through the driver or passenger, for 
example between an antenna in their seat and a control input such as a push button or 
touch screen, and the strength of the received signal measured. The strength of the 
signal indicates the capacitance between the driver or passenger and the control input, 
and therefore the distance of the user's hand from the control input. Typically the signal 
1 0 is received at, or transmitted from the control input by means of a specially provided 
antenna, such as a conductive coating on the push button, or a conductive bezel around 
the touch screen. 

According to the invention, there is provided a touch screen control system 
comprising a touch screen having first and second conductive layers arranged to be 

1 5 brought together by touching of the screen, and a detection system arranged to detect a 
contact position at which the screen is touched by monitoring electrical signals from at 
least one of the layers, wherein the system further comprises an antenna, and the 
detection system includes a proximity sensing signal generator arranged to generate a 
proximity sensing signal to be transmitted between the antenna and the first layer via a 

20 user of the system, and the detection system is further arranged to receive the 
transmitted proximity sensing signal and determine therefrom the distance between a 
part of the user and the touch screen. 

The first layer may have two. contact elements extending along opposite sides 
thereof, and the detection system may be arranged to connect the contact elements to 
25 different potentials so that the potential of the layer varies with the distance from each 
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of the two contact elements thereby to enable sensing of the contact position. Such an 
arrangement is consistent with a convenient four-wire touch screen design. 

The detection system may be arranged to transmit the proximity sensing signal 
from the first layer to the antenna, or from the antenna to the first layer. The detection 
5 system may be arranged to transmit, or receive, the proximity sensing signal via at least 
one of the contact elements, and preferably both of the contact elements. 

Where the proximity sensing signal is transmitted to the first layer, the detection 
system preferably includes a summing device arranged to sum signals from the two 
contact elements to produce a received proximity sensing signal. 

1 0 The detection system may be arranged to control at least one connection to the 

second layer such that it acts as a shield for at least part of the time when the proximity 
sensing signal is being received. For example, the detection system may be arranged to 
determine when the touch screen is being touched, and to control said at least one 
connection to connect the second layer to at least one fixed potential when the proximity 

1 5 sensing signal is being received and the touch screen is not being touched. 

Conveniently, said at least one connection may comprise the normal connections to 
the second layer used for touch position sensing. For example they may comprise two 
connections arranged to connect the second layer between two different potentials, both 
when the proximity sensing signal is being received and the touch screen is not being 
20 touched, and when the detection system is determining the contact position. 

The detection system may be arranged to electrically isolate the second layer when 
the proximity sensing signal is being received and the touch screen is being touched. 
This avoids potentials on the second layer interfering with the proximity sensing signal 
received on the first layer. 
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The detection system may be arranged to alternate between a touch position 
sensing mode, in which it is arranged to determine the contact position, and a proximity 
sensing mode, in which it is arranged to measure said distance. 

The detection system may comprise a touch screen controller arranged to detect the 
5 contact position, and a proximity sensing system including the proximity sensing signal 
generator. The touch screen controller may then be arranged to receive said electrical 
signals, including the proximity sensing signal from the touch screen and the proximity 
sensing system may be arranged to receive the proximity sensing signal from the touch 
screen controller. The touch screen controller may also be arranged to send a 
10 synchronisation signal to the proximity sensing system to enable the proximity sensing 
system to determine when it is receiving the proximity sensing signal from the touch 
screen controller. 

The present invention further provides a touch screen control system comprising a 
touch screen having first and second conductive layers arranged to be brought together 

15 by touching of the screen, and a detection system arranged to detect a contact position at 
which the screen is touched by monitoring electrical signals from at least one of the 
layers, wherein the first layer is arranged to act as a receiving antenna to receive a 
proximity sensing signal transmitted from a transmitting antenna via a user, and the 
detection system is further arranged to transmit the received proximity sensing signal on 

20 to a proximity sensing system thereby to enable the proximity sensing system to 
determine a distance between a part of the user and the touch screen. 

Preferred embodiments of the present invention will now be described by way of 
example only and with reference to the accompanying drawings, in which: 

Figure 1 is a schematic system diagram of a control system according to a first 
25 embodiment of the invention; 
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Figure 2 is a schematic side view of the system of Figure 1 incorporated in a 
vehicle; 

Figure 3 is a schematic circuit diagram of the system of Figure 1 ; 

Figure 4 is a schematic circuit diagram of the system of Figure 1 arranged to 
5 detect touching of its touch screen; 

Figure 5 is a schematic circuit diagram of the system of Figure 1 arranged to 
determine an x coordinate of a point of contact on the touch screen; 

Figure 6 is a schematic circuit diagram of the system of Figure 1 arranged to 
determine a y coordinate of a point of contact on the touch screen; 

1 0 Figure 7 is a schematic circuit diagram of the system of Figure 1 arranged for 

proximity sensing when the touch screen is not being touched; 

Figure 8 is a schematic circuit diagram of the system of Figure 1 arranged for 
proximity sensing when the touch screen is being touched; 

Figure 9 is a schematic circuit diagram of the system of Figure 1 showing EMC 
1 5 and ESD protection; 

Figure 10 is a diagram showing communication between two control units of the 
system of Figure 1 ; 

Figure 11 is a timing diagram showing the signals at various points in the system 
of Figure 1 during operation; 

20 Figure 12 is circuit diagram showing details of a touch screen switching and 

protection circuit of the system of Figure 1 ; 
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Figure 13 is circuit diagram showing details of a touch screen input buffer circuit 
of the system of Figure 1 ; and 

Figure 14 is circuit diagram showing a circuit for generating a reference signal in 
the system of Figure 1 . 

5 Referring to Figures 1 and 2, a control system for a vehicle subsystem 10, which in 

this particular embodiment is a heating and ventilating system, comprises a system 
controller 12 arranged to control operation of the subsystem 10, and a four-wire touch 
screen control panel 14, which has an LCD display 15 behind it. A touch screen 
controller 20 controls operation of the touch screen 14 and detects when the touch 

10 screen has been touched, and in what position, as will be described below. The touch 
screen 14 is used to control the operation of the subsystem 10, and the system controller 
12 receives input signals from the touch screen controller 20. 

A proximity sensing system for detecting when a user's hand is approaching the 
touch screen 14 includes a driver's seat antenna 26 in the form of a conductive sheet 

15 provided in the driver's seat 29. The antenna 26 is connected to a proximity sensing 
processor or ECU 30, which is arranged to transmit electrical signals through the seat 
antenna 26 and receive them via the touch screen 14 and the touch screen controller 20, 
as will be described in detail below. The strength of these signals is used to determine 
the distance between a part of the driver's body, usually his hand, and the touch screen 

20 14. A similar seat antenna 28 is provided in the front passenger seat of the vehicle. 

The proximity sensing ECU 30 is also connected to a graphics controller 34, which 
in turn is connected to a head-up display unit 36 mounted beneath the vehicle 
windscreen 38 and arranged to project a display onto the windscreen so that it can be 
viewed by the driver 40 from the driver's seat 29. The proximity sensing ECU 30 is also 
25 connected to a bus interface 33 so that it can use data available on the vehicle CAN bus. 
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The general operation of the proximity sensing system will now be described. The 
proximity sensing ECU 30 applies a sinusoidal signal at a predetermined frequency and 
amplitude, in this case 67kHz and 10V, to the driver's seat antenna 26, and monitors the 
signals received from the touch screen via the touch screen controller 20 at that 
5 frequency. While the driver 40 is not operating the touch screen 14 provided no part of 
his body is within a predetermined region 44 close to the touch screen 14, then no signal 
at 67kHz will be detected from the touch screen. Under these conditions the head-up 
display unit 36 is not operated and the controlled system 10 is not altered. 

If the driver 40 brings his hand 46 into the region 44 then the signal from the seat 

10 antenna 26 will be transmitted through his body to the touch screen where it will be 
received sufficiently strongly to be detected by the proximity sensing ECU 30. This is 
because the body of the driver 40 has different dielectric properties from the 
surrounding air and is better able to transmit the signal from the driver's seat antenna 26 
to the touch screen. When the signal is received from the driver's seat antenna 26, the 

1 5 proximity sensing ECU 30 activates the head-up display unit 36 which projects onto the 
windscreen a HUD image 37 representing the current status of the controlled system. 
When the driver's hand 46 touches the touch screen 14, this is detected by the touch 
screen controller 20 and notified to the proximity sensing ECU 30 which modifies the 
image 37 to indicate to the driver 40 which of the control areas 16 his hand is touching, 

20 in this case by highlighting the representation of that control area. The head-up display 
unit 36 alters the HUD image 37 to indicate to the driver the effect of his inputs to the 
controlled system. When the driver 40 has altered the controlled system to the desired 
setting, he withdraws his hand 46. When his hand leaves the region 44, the touch screen 
14 ceases to receive the signal from the driver's seat antenna 26, and the proximity 

25 sensing ECU 30 detects the removal of the driver's hand. It then de-activates the head- 
up display unit 36. 
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In order to distinguish between the driver and the passenger, the proximity sensing 
system is arranged to transmit the proximity sensing signal alternately through the 
driver's seat antenna 26 and the passenger's seat antenna 28. 

Referring to Figure 3, the touch screen 14 comprises a front layer 50, which is on 
5 the outside of the screen 14 nearest to the driver and passenger, and a rear layer 52 
between the front layer 50 and the LCD display 15. The front and rear layers 50, 52 are 
electrically conductive, parallel to each other and spaced apart so that there is a gap 
between them. Two contact wires 54, 56 extend along the left and right edges 58, 60 of 
the front layer 50, and two further contact wires 62, 64 extend along the top and bottom 

10 edges 66, 68 of the rear layer 52. Each of the four contact wires 54, 56, 62, 64 is 
connected individually to an analogue to digital converter (ADC) in the touch screen 
controller 20, which uses the signals on the contact wires to determine the position of 
the contact point at which the touch screen is touched. The top and bottom contact wires 
62, 64 of the rear layer 52 are also connected to a 5 V supply and to ground respectively 

15 by switches SI and S2, and the right and left contact wires 56, 54 of the front layer 50 
are also connected to the 5V supply and ground respectively by switches S3 and S4. 
The left and right contact wires 54, 56 of the front layer 50 are also both connected to a 
summing circuit 70, the output of which is input to a buffer 72 which has a 5 V supply. 
The output 73 from the buffer 72 is used as an input to the proximity sensing controller 

20 which uses it for proximity sensing. 

- 

The bottom contact wire 64 on the rear layer 52 is also connected to ground 
through a resistor 74 and a further switch S5. The output 73 from the buffer 72 is 
connected via a switch S6 to a battery voltage Vbatt which is greater than 8V. This is 
used to produce a timing signal to co-ordinate operation of the touch screen controller 
25 20 and the proximity sensing controller 30. 
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Referring to Figure 4, in order to determine whether or not the touch screen 1 4 is 
being touched, the touch screen switching circuit is put into a touch detection state. In 
this state the right contact wire 56 of the front layer 50 is connected to the 5 V supply by 
the switch S3 and the left contact wire 54 is disconnected from ground. The whole of 
5 the front layer 50 is therefore at approximately 5V. The lower contact wire 64 of the 
rear layer 52 is connected to ground via the resistor 74 and switch S5, and the upper 
contact wire 62 is disconnected from the 5V supply. If the screen is not being touched, 
the voltage of the rear layer 52 remains at zero. However, if the screen is touched so the 
front layer 50 is moved into contact with the rear layer 52 at any point, the voltage of 
10 the rear layer 52 will rise above zero, which can be detected by the touch screen 
controller 20. 

Referring to Figure 5, in order to determine the x-coordinate of the position in 
which the touch screen is being touched, the touch screen switching circuit is put into an 
x-coordinate sensing state. In this state the right contact wire 56 of the front layer 50 is 

15 connected to the 5V supply by the switch S3 and the left contact wire 54 of the front 
layer 50 is connected to ground by the switch S4. This causes the whole of the right 
hand side 60 of the front screen to be at 5 V, the whole of the left hand side 58 to be at 
substantially zero volts, and all positions on the front layer 50 to be at a potential which 
depends on their distance, in the horizontal direction, from each of the two side contact 

20 wires 54, 56. The voltage at the top and bottom contact wires 62, 64 is input to the high 
impedance input of the touch screen controller 20. If the screen is being touched so that 
the two layers 50, 52 are in contact, then the whole of the rear screen will be brought to 
the potential of the point of contact on the front screen. This potential is detected by the 
touch screen controller and indicates the x-coordinate of the point of contact. 

25 Referring to Figure 6, the process for determining the y coordinate corresponds to 

that for determining the x coordinate. The touch screen switching circuit is put into a y- 
coordinate sensing state, in which the rear layer 52 is connected to the 5V supply at the 



WO 2005/073834 PCT/GB2004/005386 

9 

top contact wire 62 and to ground at the bottom contact wire 64 so that the potential on 
the rear layer varies with vertical position. The voltage on the front screen is then 
monitored using the left and right contact wires 54, 56 to determine the y coordinate of 
the point of contact. 

5 Referring to Figure 7, in order to perform the proximity sensing, the front layer 50 

of the touch screen 1 4 is used as a receiver antenna for the proximity sensing signal 
which is transmitted from the driver or passenger seat antenna 26, 28 through the driver 
or passenger. As indicated above, the strength of the received signal is indicative of the 
distance between the hand of the driver or passenger and the touch screen 14. To detect 
10 the proximity sensing signal, the output from the buffer 72, is monitored to determine 
magnitude of its 67kHz component, which is a measure of the strength of the received 
proximity sensing signal at the front layer 50. 

When the touch screen 14 is not being touched, for the system to perform the 
proximity sensing function the touch screen switching circuit is put into a first 

15 proximity sensing state. In this state the rear layer 52 is used as a shield, to shield the 
front layer 50 from interference from the LCD 15. In order to perform this function 
most effectively the rear layer 52 needs to be connected to a low impedance source. The 
top contact wire 62 is therefore connected to the 5V supply via the switch SI, and the 
bottom contact wire 64 is connected to ground via the switch S2. For effective 

20 shielding, the output impedance of the 5 V source and the impedances of the switches SI 
and S2 must both be low at 67kHz. Ideally the effective impedance at 67kHz between 
the rear layer 52 and ground should be no more than 100Q. The effective impedance 
can be calculated by adding the output impedance of the 5V source to the impedance of 
S 1 and S2 in parallel. The input impedance of the proximity sensing circuit in the 

25 proximity sensing ECU 30 is also arranged to be low, in this case approximately 100Q 
at 67kHz, to minimize the effect of the capacitance between the layers of the touch 
screen 14. 
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Referring to Figure 8, the proximity sensing system also needs to function when 
the screen is being touched. This is so that it can determine which user is touching the 
screen. This can be achieved, for example, by transmitting different proximity sensing 
signals through the two seat antennae 26, 28, or by transmitting the signals at different 
5 times through the two antennae, in which case the same signal can be used for both 
users. When the screen 14 is being touched, the rear layer 52 cannot be connected to the 
5V supply and ground, as the voltage on the rear layer 52 would then interfere with the 
received proximity sensing signal on the front layer 50. Therefore in a second proximity 
sensing state the rear layer is electrically isolated, being disconnected from the 5V 

10 supply and from ground by opening the switches SI and S2. The proximity sensing 
signal is received on the front layer 50 and measured in the same way as when the 
screen is not being touched. The isolation of the rear layer 52 prevents it from acting as 
an effective shield, but because the screen is being touched, the proximity sensing signal 
is transmitted strongly through the user to the front layer 50, and can therefore easily be 

1 5 detected. 

Referring to Figure 9, a capacitor C8, C9 is connected between ground and each of 
the left and right contact wires 54, 56 on the front layer 50. Similarly a capacitor C6, 
C7 is connected between ground and each of the top and bottom contact wires. These 
capacitors C6, C7, C8, C9 are filtering capacitors for electromagnetic compatibility 

20 (EMC), and are used to improve the immunity of the touch screen to interference, in 
particular from the display 15. The values of these capacitors C6, C7, C8, C9 depend on 
the resistance of the touch screen 14 and the required measurement time. Typically C8 
and C9 will be at least lOOnF, and in this case they are lOOnF. Typically C6 and C7 will 
be a similar value or lower, and in this case they are also lOOnF. However, the 

25 capacitors C8, C9 on the front layer 50 would interfere with detection of the proximity 
sensing signal, and the capacitors C6, C7 on the rear layer 52 would similarly interfere 
when the screen is being touched, as they would then provide a path from the front layer 
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50 to ground. Therefore the capacitors C8, C9 are connected to ground through a further 
switch S7, so that they can be switched out during proximity sensing, and the capacitors 
C6, C7 are connected to ground though a further switch S8, so that they can be switched 
out during proximity sensing when the screen 14 is being touched. Further capacitors of 
5 C2, C3, C4, C5 are therefore permanently connected between each of the contact wires 
54, 56, 62, 64 and ground. These are of a much lower value, in this case 2.2nF, and 
provide a degree of EMC protection during proximity sensing, without significantly 
interfering with the proximity sensing signal. 

Referring to Figure 10, the touch screen controller 20 and the proximity sensing 
10 ECU 30 are connected to each other by a coaxial cable 80, the inner 82 of which 
transmits signals from the touch screen controller 20 to the proximity sensing controller 
30, and the outer 84 of which is connected to ground. This coaxial cable is used to 
transmit the detected proximity sensing signal from the front layer 50 of the touch 
screen to the proximity sensing controller 30, and also to transmit a synchronisation 
1 5 signal, so that the proximity sensing controller can determine when the signal on the 
coaxial cable is the proximity sensing signal, and when it is not. It is also used by the 
touch screen controller 20 to indicate to the proximity sensing ECU 30 when the touch 
screen 14 is being touched. The touch screen controller 20 alternates between a touch 
screen mode, in which it detects the presence or absence of a touch on the touch screen, 
20 and the position of any touch, and a proximity sensing mode, in which it receives the 
proximity sensing signal and transmits it on to the proximity sensing controller 30. At 
power up the proximity sensing controller synchronises itself to the synchronisation 
signal, and remains in synchronisation thereafter. 

Referring to Figure 1 1, the touch screen controller 20 in this example operates on 
25 the basis of a cycle time of 32ms, made up of a touch screen operation cycle of 12ms 
and a proximity detection cycle of 20ms. These cycle times could obviously vary. 
During this cycle each of the switches SI to S6 can be opened and closed by applying a 
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control signal to them, as shown in Figure 1 1, the control signal being high to close the 
switch and low to open it The proximity sensing signal on the coaxial cable is shown at 
the bottom of Figure 11. 

At the beginning of the touch screen cycle, switches S3 and S5 are closed for a 
5 predetermined time, putting the switching circuit into the touch detection state, and the 
signals from the two rear layer contact wires 62, 64 are monitored by the proximity 
sensing controller 20 to determine whether the screen is being touched. At the end of 
this time switch S6 is closed to produce a rising edge in the signal on the coaxial cable 
80. This is used by the proximity sensing controller for synchronisation. The switch S6 

10 is then opened again after either a first, short period, if touching of the touch screen has 
been detected, or a second longer period, of touching of the touch screen has not been 
detected. The length of the Vbatt synchronisation pulse therefore indicates to the 
proximity sensing controller 30 whether the screen 14 is being touched or not. This 
enables the proximity sensing controller to adjust its sensitivity to take account of the 

1 5 fact that the proximity sensing signal will be received much more strongly when the 
screen 14 is being touched. It also enables the proximity sensing controller 30 to modify 
its inputs to the system controller 12, if appropriate, when the screen 14 is being 
touched. 

After the end of the synchronisation pulse, the remainder of the 12ms touch screen 
20 cycle is taken up by the touch screen controller 20 determining the position of the point 
at which the touch screen is being touched. This is carried out in a conventional manner 
by putting the touch screen switching circuit into the x-coordinate and y-coordinate 
sensing states described above. During this part of the cycle the signal on the coaxial 
cable 80 will vary in a number of ways, and the proximity sensing controller is arranged 
25 to ignore it. The signal will never rise above 5V, apart from during the synchronisation 
pulse, because the power supply to the buffer 72 is at SV, i.e. lower than the voltage of 
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the synchronisation signal. This ensures that the synchronisation signal can be 
distinguished from all other signals on the coaxial cable 80. 

Then at the beginning of the proximity sensing cycle, switches S3 and S4 are 
opened so that the potential on the front layer 50 can vary with the proximity sensing 
5 signal transmitted through the user, and switches S5 and S6 are kept open. Switches SI 
and S2 are closed if the screen 14 is not being touched, as in the second cycle shown, so 
that the rear layer 52 can act as a shield as described above. This is the first proximity 
sensing state described above. If the screen 14 is being touched, switches SI and S2 are 
opened during the proximity sensing cycle, as in the first cycle shown. As described 

10 above, this prevents the voltage on the rear layer 52 being altered in a way what would 
interfere with the proximity sensing signal as detected on the front layer 50. During the 
proximity sensing cycle, the proximity sensing controller 30 transmits the proximity 
sensing signal through each of the driver and passenger seat antennae 26, 28, alternately 
and monitors the received signal via the coaxial, cable 80 to determine the proximity of 

15 the driver or passenger's hand to the screen 14, and to determine whether it is the 
driver's or the passenger's hand which is being detected. 

For effective operation, the input buffer 72 needs to have a high DC input 
impedance, preferably at least lOkQ. This is to ensure that the touch detection can work 
correctly. It also needs to be able to amplify the proximity sensing signal, which in this 

20 embodiment is around 1 OOnA peak to peak, so that it can be detected by the proximity 
sensing controller 30. The buffer 72 also needs to have a low input impedance at the 
frequency of the proximity sensing signal, 67kHz, preferably lower than the reactance 
between the touch screen layers 50, 52, to prevent the sensitivity of the sensing system 
from being reduced by the capacitance of the touch screen 14. For example, for a lOnF 

25 touch screen, the input impedance needs to be less than 230Q at 67kHz. 
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An example of a suitable switching and protection circuit for the touch screen 14 is 
shown in Figure 12. The two front touch screen layer contact wires 54, 56 are connected 
to two inputs XI, X2 of a header J2, and the two rear layer contact wires 62, 64 to two 
further inputs Yl, Y2. Capacitors C2 to C5 provide EMC suppression. Capacitors C6 to 
5 C9 are switched into the circuit during touch screen operation, to provide further EMC 
suppression during proximity sensing, by transistors Q6 and Q7 which implement 
switches S7 and S8. Transistors Ql, Q2, Q3, Q4, and Q5 implement switches SI, S3, 
S5, S2 and S4 respectively. Diodes Dl to D4 provide electrostatic discharge (ESD) 
protection. The outputs on XI and X2, from the front layer left and right contact wires 
10 54, 56, are connected to the buffer circuit 72, which is implemented as shown in Figure 
13. 

Referring to Figure 13, in an example of a suitable buffer circuit, CI 3 and CI 7 
couple the AC component of the proximity sensing signals from the two front layer 
contact wires to the virtual ground input of op amp U6A. R35 sets the AC input 
15 impedance, and R33 and R39 set the DC input impedance. R40, R44 and CI 8 provide a 
bias voltage to the circuit of 2V. The ratios of R30 to R33 and R30 to R39 respectively 
define the DC gain to the signals from each of the front layer contact wires 54, 56. R30 
and CI 1 define the sensitivity to AC current. 

* 

Op amp U6B and its surrounding components form a 67kHz band pass filter. 
20 Transistors Q8 and Q9 implement switch S6, to pull the output of the buffer up to 

* 

Vbatt, controlled using a 5V signal. 

* 

As shown in Figure 14, the Vbatt reference signal is provided from a 12V input by 
zener diodes D5 and D6, resistors R45 and R46 and transistor Q10. 



